Radioprotective properties of the products produced from ramson (Állium Ursínum L.) and bog bilberry (Vaccinium uliginosum L.) were studied. Mice fed with the dried ramson and the bog bilberry extract were irradiated by X-rays (8 Gray). Strong radioprotective effect of these plant products was registered. The ramson demonstrated more radioprotective effect in comparison with bog bilberry extract. The radioprotective effect of Allium is probably determined by cysteine sulfoxides and their degradation products, such as diallyl disulfide and allyl methyl disulfide. The radioprotectors studied increase minimum parameters of erythropoiesis (red blood cell number and hematocrit) by a factor 1,5. Rapid recovery of the parameter of the platelets number of peripheral blood in all groups in comparison with control was registered. The survival of mice fed with the dried ramson and the bog bilberry extract increased up to 60 and 53%, correspondingly, in comparison with 6,7% in the control group. These substances do not have side effects and contraindications and may be considered as a promising radioprotectors.
Introduction
A major accident at the nuclear power plant in Fukushima demonstrated once again the real danger of radiation damage to the nature, staff and people in the disaster area. The radiation therapy of cancer is associated with high doses of irradiation. The astronauts are irradiated by high doses of radiation as well as the air transport passengers to a lesser extent. To minimize the negative effects of such impacts the effective and nontoxic radioprotectors, which can be taken regularly in a preventive mode are required. Synthetic derivatives of biogenic amines, such as mexamine, indralin are radioprotectors of emergency effect [1] . Negative side effects of these drugs preclude their systematic use as a prophylactic measure.
Special natural polysaccharides increase the survival of animals to 60-80 at 100% mortality in controls, but the radioprotective effect is lost when taken orally [2] .
The adaptogens such as ginseng root water-soluble extracts appear to give a protection against radiationinduced DNA damage [3] . On the other hand, ginseng, wolfberry, Manchurian Aralia do not protect the rats irradiated at a dose of 7 Gy [2] . Vitamin E is suitable to prevent possible damage by ionizing radiation [4] . Pelargonidin-3,5-diglucoside anthocyanin has been found to protect mice irradiated with doses of 3-9 Gy (the factor of dose increasing is 1,7) [5] .
Ramson was patented as a component for the space canned food with high digestibility [6] , and was used by the Soviet cosmonauts [7] , but radioprotective properties of Állium Ursínum have not been studied.
The main goal of this research is to demonstrate the radioprotective properties of ramson (Állium * Corresponding author. Ursínum L.). In addition to the control group to compare the effect of radioprotection we included the group of mice fed the bog bilberry (Vaccinium uliginosum L.) extract. The bog bilberry extract contains high concentrations of anthocyanins with antioxidant and radioprotective properties [5] .
Materials and methods
The study was carried out with male mice (CBAxC57Bl / 6) F1-hybrids. The mice were divided into seven groups, and each group contained 15 animals in one big cage. The mice were fed ramson (group AU1-AU3) and bog bilberry extract (group VU4-VU6) daily for 2 weeks before exposure and for a week after irradiation.
Dry powder of ramson and extract (concentrated juice) of bog bilberries were used in the experiments. Dry substance content in the bog bilberry extract was 24,1 wt.%. The concentration of anthocyanins in terms of malvidin-3-glucoside was determined by spectrophotometry [8] and equaled to 81,7 mg/ml. These products were mixed in porridge (a standard component of the diet) in the following amounts per day for 15 animals in groups: AU1 -150 mg, AU2 -300 mg, AU3 -900 mg, VU4 -2 ml, VU5 -5 ml, VU6 -10 ml.
Doses of protectors were calculated on the basis of known doses used for humans, and taking into account the increased metabolism of mice in comparison with a man. The control mice were fed porridge without any additives.
All animals were irradiated with the dose of 8 Gy in the Roentgen instrument RUM-25 (Russia) at the dose capacity of 0,5 Gy/min, voltage of 130 kV, and electric current of 10 mA. The dose of 8 Gy was selected, because it allows studying the survival potential of animals, an integral indicator of the radiation protection.
All mice were weighed before the irradiation. After irradiation the parameters of peripheral blood were studied in the dynamics of hematopoiesis recovery (30 days) with the PCE-90 (ERMA Inc., Japan) analyzer. The dynamics of the mice death was determined within 30 days after irradiation.
Results are reported as the average mean ± standard deviation of individual data points obtained from experiments.
Results
Weighting the mice prior to irradiation showed that feeding with maximum quantity of the substances (AU3 and VU6) for 2 weeks leads to a significant decrease in mass index of mice (Table) . This decrease is a reliable value, because the standard deviation of the average mass value is of four times less as compared to the standard deviation of measurement due to its high statistics (15 experiments). These results may mean that the maximum doses of ramson and the bog bilberry extract, used in this test, worsen the state of the mice prior to irradiation and can not be exceeded without some negative consequences.
The survival of experimental animals during the 30-day period after irradiation is shown in Fig. 1 . These results clearly show that the ramson and bog bilberry products feeding significantly increase survival of the animals. The survival of control mice was 6,7%, the dried ramson increases the survival to 20-60%, and the bog bilberry extract does to 47-53%. The best survival is observed in the mice group fed high doses of ramson. For the bog bilberry extract the radioprotective activity may be determined by high concentrations of anthocyanins and their antioxidant activity [5] . The ramson radioprotective properties are not previously described except [9] and slightly surpasses the efficiency of the bog bilberry extract. There is unclear, what ramson chemicals are responsible for the radioprotective effect, but antibiotic, antioxidative, antidiabetic, and cancer-preventing properties of Allium are probably determined by cysteine sulfoxides and their degradation products, such as diallyl disulfide and allyl methyl disulfide [10] . The radioprotective effect observed may be associated with these specific compounds of Allium Ursinum L.
The parameters of peripheral blood before and after irradiation are shown in the figures 2-5. Ramson significantly increase the number of white blood cells in comparison with controls prior to irradiation. The dynamic study of the parameters of peripheral blood revealed that the radioprotectors 1) have no negative effect on the hemopoiesis recovery, 2) in some cases accelerate this process. All the minimum parameters of peripheral blood are attained in the 6th -16th days. All the radioprotectors increase minimum parameters of erythropoiesis (red blood cell number and hematocrit) by a factor 1,5 in 13th day as compared to the control values. On the 26th day ramson increase the number of white blood cells in comparison with controls.
Mass (grams) averages (and its standard deviation) of the experimental mice fed ramson and bog bilberry extract for 2 weeks Control  AU1  AU2  AU3  VU4  VU5  VU6  30,7 2,8  30,7 2,7 The most notable is the parameter of the platelets number. The rapid recovery of platelets is important to prevent hemorrhage, attending the clinical course of radiation sickness. In our studies, starting from the 16th day, there is the rapid recovery of this parameter in all groups in comparison with control.
Conclusion
The experiments made with mice show the major radioprotective potential of the concentrated products of ramson (Állium Ursínum L.) and bog bilberries (Vaccinium uliginosum L. dried ramson and the bog bilberry extract protect mice against radiation-induced lethality. The survival of the control mice group is 6,7%; the dried ramson increases the survival rate up to 20-60%; and bog bilberry extract -to 47-53%, depending on the amount of the radioprotectors. The protectors used increase the restoration rate of red blood cells and platelets numbers in the blood in comparison with the control, and improve the minimum blood parameters after irradiation, such as red blood cell number and hematocrit. The radioprotective effect of bog bilberry extract is rather predictable and can be associated with the antioxidant properties of anthocyanins contained in it. In contrast, the radioprotective properties of ramson have not been previously described and patented recently [9] .
It should be noted that the dried ramson is more effective in comparison with the bog bilberry extract under the studied conditions. It has no side effects and contraindications and may be considered as a promising radioprotector.
